This paper estimates the perceptions, determinants and barriers regarding the adoption of climate change adaptation options among Nepalese rice farmers. A multi-stage sampling technique was used to source respondents for the study, and structured questionnaire techniques were used to collect data from 773 households across seven districts (3 from Terai and 4 from the hilly region of Nepal). A binomial logistic regression model was used to detangle the determinants for the adoption of climate change adaptation options among farmers. The results revealed that approximately 80.7% of the farmers perceived change in temperature, and 90% believed that there was a decrease in rainfall in the 30-year period. In total, 77% of farming households responded that rice production and yield has decreased due to such changes, which has forced them to adopt available adaptation options. This study found that 12 adaptation options have been mainly used by rice farmers, and among them, there has been an increasing use of chemical fertilizer, climate-smart rice verities, and changes in nursery date, which are the first three adoption options. Overall, 71% of farmers adopt such adaptation options to protect themselves from perceived risk. However, farmers are facing several barriers, such as capital inadequacy, high cost of agricultural inputs, poor adaptation information provided to farmers, inadequate access to credit facilities and inadequate awareness about adaptation regarding the adoption of such options. Binomial regression results revealed that several factors influence a farmer's choice in adaptation measures. Our findings suggest the need for greater investment to remove these barriers and institutional shortcomings and help to improve a rice farmer's wellbeing.
Introduction
The concept of climate change adaptation has recently been popularized, as climate scientists and the IPCC have predicted that the global temperature will rise by 4˚C in 2100, and for such a situation, mitigation efforts will not work among both developed and developing countries, unless these efforts are widely accepted from the lowest policy level [1] [2] . Under these uncertainties, society knows enough to build possible scenarios on which to base decision making in both developed and developing countries [3] . However, farmers and policy makers in developing countries are further encouraged to adapt to climate change over time, since they are unable to mitigate climate change due to many socio-economic and institutional shortcomings [4] . Adaptation in agriculture, along with rice production, has been presented for a very long time, but a lack of proper adaptation practices based on weather variability and a changing climate is still a common problem in developing countries, including Nepal [5] .
Rice is the primary food staple; it is the most important staple crops in South Asia and ranks first in Nepal in terms of production and livelihood [6] [7] . It is cultivated at an altitude from 300 m above sea level in the Terai plain to 3000 m above sea level in the Jumla valley in Nepal [8] [9] . Rice can be cultivated in irrigated and rainfed lowlands and uplands [10] . Rainfed rice covers 79% of rice areas, and 21% of rice areas are fully or partially irrigated [9] [11] . It accounts for 42 .54% of the total area and 52.50% of total food grain production, provides employment for 70% of the population and contributes to 33.5% of the total GDP and 20% of the agricultural GDP. Further, rainfed rice also meets more than 50% of the total caloric requirement of Nepalese people, with an annual calorie per capita consumption of approximately 100 kg of milled rice [7] [9] [11] . The national average yield of rice production is 3171 t/ha, greater than the national average yield of cereal products (2570 t/ha) [12] . From the consumption side, rice consumption in Nepal is 79.9 kg of milled rice per person per year [6] .
Hence, poor rice crop prompts farmers to grow other cereal crops for food security [13] . [14] reported that rice production will double in South Asia by 2020. Furthermore, the IPCC has shown that every 1˚C increase in temperature will lead to a 10% decline in rice yields. Similarly, [15] stated that Nepal has already faced the adverse effects of climate change on rice production in the Terai region. The average temperature during rice production has already crossed the threshold level and increased further. Even the rate of rice production for the last two decades was 1.4% per year, which was less than required. Likewise, rice areas have seen production decline from east to west due to large variations in rainfall and socioeconomic conditions [16] . These consequences have affected 37 districts of Nepal, mostly hills and mountainous regions; approximately 70 percent of subsistence rice producers have already faced food deficits, and further food shortage will create problems in malnutrition, starvation and inflation [15] [17] . that are resistant to erratic climate, such as drought tolerant, cold tolerant and submergence tolerant varieties, but the size of the required resources is likely to be well beyond their adaptive capacity [19] .
From this approach, adaptations for rice production in Nepal can undergo many behavioral changes that can act to minimize harm or maximize gains from weather variability and climate change, such as in households, firms or governments [20] . These efficient adaptations help to maximize net benefits [20] [21] .
Therefore, better adaptation knowledge and perceptions regarding new adaptation options should be well known. It is obvious that every adaptation is not advantageous for farmers [22] , but knowing whether farmers have certain qualities, such as education, knowledge and other qualities, can encourage them towards better adaptation and coping strategies. Many determinant factors play a key role in climate change adaptation, and whether farmers are likely to adapt new technologies depends upon where the adaptation is done.
In Nepal, numerous studies have been performed on the effects of climate change on agriculture [8] [31] . Despite the interest in climate change adaptations at the local and regional levels, little literature is available on issues such as determinants, perceptions and barriers that affect the adoption of climate change adaptation options for rice production. Therefore, this study aims to fulfill this research gap.
The remaining part of this paper is organized into three sections. The next section will represent the overall methodology of the study, where materials and methods will be discussed. Then, the results and the discussion of key issues will be presented, followed by concluding remarks.
Materials and Methods

Theoretical Framework
Different choices are associated with different levels of utility [32] . Therefore, individual households generally reflect their preferences for different coping strategies based on their understanding. However, [33] and [34] opined that the decision regarding whether or not to adopt any adaptation options is considered to be under the general framework of utility and profit maximization. Furthermore, it is assumed that a rational farmer uses adaptation methods only when the net benefit from using such a method is significantly greater than the cost of not doing so [20] . Although the benefit is not directly observed, the action of economic agents is observed through the choices they make [33] . 
In the case of the adaptation method, if a household decides to use option j, it follows that the perceived benefit from option j is greater than the benefit from other options (i.e., k) which is depicted as:
where ij U and ik U are the perceived benefits for adaptation options j and k, respectively, by farmer i, i X is the vector of explanatory variables that influences the choice of the adaptation options, j β and k β are the parameters to be estimated, and j ε and k ε are the error terms assumed to be independently and identically distributed [27] [33].
The probability that a household will use method j from the set of climate change adaptation options could then be defined as follows
where P is the probability function, ij U , ik U and i X are as defined above, Depending on the assumed distribution that the random disturbance term follows, several qualitative choice models, such as linear probability, logit or probit models, can be estimated [32] [33] [34] . The logit and probit models are the most common models used in the literature, as such models have desirable statistical properties with probability values ranging and bound within 0 and 1 [34] .
Econometric Specification of the Model
As discussed above, researchers have generally estimated the general framework of utility and profit maximization when measuring perception and determinants. To measure this estimation, recent studies in South Asia have been conducted [35] [36] . Following previous studies, a logit regression model was selected to identify the significant variable that determines whether or not youth rural rice farmers are adopting available adaptation options.
Suppose Y is the available adaptation option to the farmer, which is a random variable, and X represents socioeconomic, institutional, social and other factors. 
The logit regression equation that is used to ascertain variables influencing determinants and perception when adopting adaptation options available to farmers is
The choice of explanatory (independent) variables used in this study is based on data availability and a review of the literature [35] . From the numerous studies that have been performed to measure a farmer's perception, determinants and barriers, it has been found that determinants and perception are heavily influenced by socio-economic, institutional and social factors [13] [40]. These determinants may assist or restrict adaptation choices. As [41] rightly remarked, farmers are the first people confronting climate variability and changes in the agriculture system [41] . Therefore, it is essential to understand the perception and determinants of farmers and their adaptation strategies to climatic changes in order to diminish vulnerability and enhance the overall resilience of the system [37] 
Study Area
This study was performed in 7 districts that ranged from the hilly to Terai belts of Nepal and excluded the mountain belt 1 . The rice production environments of Nepal can be classified into Terai (60 -900 m above sea), hilly (1100 -1500 m above sea) and mountain (greater than 1500 m above sea), which contain 75 1 This is because rice cultivation practices on the mountain belt are very rare and typically different that in the study area. Similarly, the rice cultivation period, cultivation techniques and adoption of adaptation differ from the remaining two belts. where the mean annual precipitation were found to be around 1800 mm [47] [48]. The main season for rice receives monsoon rain. Terai districts normally fall in irrigated rice fields, while hilly districts cover both irrigated and rain-fed rice fields due to topographical variations. [35] remarked that average household characteristics play an important role in shaping the decision-making process for climate change adaptation.
Sampling, Questionnaire and Data Collection
The study area selection was made based on rice pocket areas from different ecological zones in Nepal. As [35] mentioned in their study, such a study area selection was made based on rice cropping regardless of cropping patterns, irrigation networks and climate prone zones. To select the study sites, this study used multi-sampling techniques. In the first stage, the seven districts of Nepal (one each from each state) were randomly selected for the overall study area. Telephone inquiries were made to each district agricultural office in order to collect rice pocket areas, which were mostly rice cultivated areas, within the district. In the second stage, 14 VDC Agricultural Sciences formation provided was correct, and the selected VDCs were the best rice pocket VDCs 5 in the district. We excluded urban cities and VDCs under the assumption that cities and urban VDCs may be influenced by market-based adaptations. Selecting VDCs, therefore, had the advantage of a lesser influence by this market driven adoption, which was the primary reason to select VDC as the study area. The overall district, VDC, ward selection and number of respondents from each PSU are presented in Table 2 . Both descriptive and inferential statistics were performed. STATA version 13
was used for statistical purposes. All necessary correction checks, such as multicollinearity and heteroscedasticity, were performed and corrected as needed, which is depicted in Table 3 .
Data Analysis and Presentation
Socio-Economic Characteristics of the Respondents
A majority of respondents, 87.97%, were within the working age (15 to 64 years), and 33% of respondents were youths involved in rice cultivation. This indicates a potential for active labor participation in rice production in Nepal. The average age of the respondents was 46.5 years, ranging from the highest age of 86 years to the lowest age of 18 years. Most of the respondents were male (70.1%), while the rest were female. Two noticeable facts about the low participation were the language barrier in Terai and the male as the household head. In both situations, females were less likely to respond to the enumerator with the presence of her husband and the laws in their home. Among the respondents, 93% were married, and 79.6% were the household head. The average HH size of the respondents was approximately 6 members. It was also observed that 649 (83.9%) respondents were local people living in the area for very long period of time, while 16.1% migrated for their betterment and farming purposes.
The education level of the farmers may be helpful when searching for information from various sources on agro-farming issues on the verge of a changing climate and adaptation strategies. In total, 67.5% of the respondents had a formal education, ranging from primary (41.52%) to college level education (10.2%), whereas only 65 respondents (8.4%) received a vocational education.
Most of the rural farmers (98%) in the study area declared agriculture as their 5 In each selected ward, rice farm households contained more than 90% of respondents. 
Climate Change Perception among Rice Farmers
Perception is one of the most important factors determining the willingness to accept adaptation options, and it is considered the first step in the process for a farmer's adaptation to climate change [40] [49] . Farmers should first perceive that there is climate change in order to take necessary adaptive strategies [39] . A better understanding about perception helps to develop and design effective plans and policies to support successful adaptations in the agricultural sector, including rice production. The surveyed farmer household respondents were asked about their perception of climate change in regard to various climate variables over the past 30 years. Temperature was separated into maximum temperature, minimum temperature, day time temperature, night time temperature, summer temperature and winter temperature, and precipitation was divided into increased, decreased, consistent and unknown precipitation.
This study found that approximately 81% of rice farming households have heard of and talked about climate change. Districts such as Bara (95%) and Syangja (91%) had a greater percentage of respondents that have heard of and talked about climate change when compared to other districts. A total of 80.7% of the respondents mentioned that they were aware of changing temperature.
Among the rice farmers, 80% of the farmers mentioned that temperature has increased during the 30-year time span. Approximately 77% of respondents stated that there has been an increase in maximum temperature, as well as an increase in minimum temperature (89%), day time temperature (90%), night time temperature (84%), summer temperature (90%) and winter temperature (53%).
Similar to temperature, 90% of farmers stated that precipitation has deceased sharply during the past 30 years. Their major observations showed that rainfall patterns have decreased, along with the change in timing for rain. Farmers stated that before the most recent 30 years, rainfall was regular and predicted, but now it is irregular and unpredictable. Such a sharp decrease in rainfall makes it harder for them to cultivate their farmland.
As a result, production in the study area has already been impacted by such climatic variations. Overall, 91% of farmers argued that there has been a change in production among them; a total of 77% mentioned that their production has decreased, 12% believed that their production has increased, and 2% felt no change in production at all, while the remaining 9% were unsure about the change. This shows that a majority of farmers are facing a food problem due to changes in temperature and rainfall patterns. 
Farm Level Adaptation Strategies
Discovering adaptation strategies made by farmers is useful to obtain an understanding of the adaptive capacity of an agricultural system [42] Farmers in the study area were asked to reveal their major adaptation strategies in response to climate change, and the farmers identified that there are 12 major adaptation strategies that are commonly used in practice. Such adaptation options were first selected from the literature and discussed with experts before posing them directly to the farmers. Farmers were also asked to add new adaptation options, if any, during the HH survey, but no additional adaptation options were found. Figure 1 shows the major and common adaptation strategies adopted by farmers in order to cope with a changing climate.
Among farmers, 73% argued that they have been adopting several adaptation options for rice farming, while 27%
had not yet started any adaptation mechanism. It was also observed that in the hilly districts, there were still less adaptation practices that have prevailed. Among the study districts, farmers belonging to
Terai had adopted more in comparison to farmers living in the hilly region.
Farmers from Ilam and Surkhet had a low adaptation to available adaptation options as only 30% of the farmers from Ilam and 40% of those from Surkhet had adopted options for their rice farm. 
Knowledge of Climate Change Adaptation Strategies
Barriers when Adopting Available Adaptation Options
Barriers of adaptation can be defined as factors, conditions or obstacles that are It is not easy to adopt available adaptation options, and as expressed by the farmers, this difficulty is due to one of these causes. Rice farmers were asked to state the factors that hinder them from adopting available adaptation options. It was found that Nepalese rice farmers face various hindrances when adopting available adaptation options best for them. Factors such as inadequate capital, poor access to weather forecasts and climate change information, and inadequate awareness programs on climate change from governmental and non-governmental agencies were major barriers for more than 90% of farmers. Similarly, more than 80% of farmers stated that the high cost of improved seeds, fertilizers and irrigation, the inadequate knowledge of coping mechanisms and resiliency and the inadequate access to credit facilities were major among the given hindrances to rice farmers. Furthermore, there were several other barriers that rice farmers are facing, such as insufficiency of manpower, inadequate government policies and old farming technology and equipment. Among the barriers, the top five barriers that the rice farmers cope with in a changing climate can be observed in Figure   2 .
Farmers argued that capital inadequacy was the first barrier, as they are poor.
Most of the other adaptations were also related to price, which is again related to capital. They mentioned that the high cost of fertilizer and the lack of credit access hinder their adaptation capacity, along with insufficient information and inadequate awareness. 
Determinants for the Adoption of Climate Change Adaptation Options
Determinants of adaptation options refer to the factors that decisively affect the nature or outcome of the adaptations. The IPCC defined climate change determinants as "the considerable attention that has been devoted to the characteristics of systems that influence their propensity or ability to adapt and/or their priority for adaptation measures". Knowing the determinants of choice for climate change adaptation strategies is very vital in developing intervention measures for those key perceived determinants to improve adaptive capacities of farmers [37] . The statistical and econometric software STATA (version 13) was used to estimate the parameters of the multiple regression that determined the climate change adaptation options.
As such, the binomial logit regression model (with cross-sectional data) was adopted to check the determinant factors for the adoption of adaptation options.
Such data analyses involved two problems: the heteroscedasticity of the error term and multicollinearity among explanatory variables [53] . The Collin test was performed to address the problem of multicollinearity and found that the VIF score for all models was less than 2. The Collin test was used against the Table 3 ) was used to measure the extent to which our model accuracy predicted dependent variables. [35] argued that a higher percentage from the calculation indicates a better fit of the model. The post estimation found that the overall percentage correctness for all models was more than 70%, which confirmed a better fit of all models used in our study. Similarly, the χ2 value was significant, and the value of the Pseudo-R 2 ranged from 0.06 to 0.48, which indicated that all model selected for this study fit and can accurately estimate the determinants and the perception of farmers for the adoption of climate change adaptation options.
Since the study aims to measure individual adaptation options, we have 12 different dependent variables (i.e., adaptation options for the farmers) for the same explanatory variables. In terms of F and R 2 values, the overall mean regression of the variable is jointly important in the implicated adoption of available adaptation options for the farmers. For simplicity, this study explains the models per its regression result, which is given in Appendix 1.
Model 1: No Adaptation
In Model 1, eight variables were found to significantly affect the rice growing farmers' choice to not adapt. Such variables were household size, irrigation facilities, availability of credit, access to roads, extension service availability, access to market centers, availability of subsidies and farmers who lived in the hilly region. Among these significant variables, availability of credit, access to roads and farmers who lived in the hilly region were significant at the 1% level of significance, which indicated the probability of high level association with the no adaptation model. However, road access and credit availability had negative signs, which revealed that if the credit availability for the farmers was sufficient and road access was near the household, the probability of adaptation increased significantly, with other conditions remaining the same. Farmers who lived in hilly regions resulted in a significant and positive sign, meaning that if the farmers lived in a hilly region, the probability of the adoption of given adaptation options was lower compared to those farmers who lived in Terai. Variables such as irrigation facilities, extension services and availability of subsidies were statistically significant at the 5% level of significance. Here, the availability of subsidies and extension services also had a negative sign, indicating that based on availability, the probability of adaptation by rice farmers increased. On the other hand, irrigation facilities showed a positive sign, meaning the more irrigation availability there was for the farmers, the less likely the adoption of available adaptation options. Other variables, such as household size and market center, showed statistical significance at the 10% level of significance, which indicated a lower association between the dependent variable. The household size resulted in a negative sign, meaning that the probability of adaptation increased with the increase in household size. In addition, market access showed a positive sign, which signified that the probability of adaptation was lower as the farmer gained easy market access (this variable contradicted our hypothesis). 
Model 2: Change in Rice Verities
In Model 2, eight variables were found to significantly affect the rice-growing farmers' changes in rice verities. Such variables were main occupation, total farmland, fertility, access to roads, membership in an organization, availability of subsidies, knowledge about climate change and living in a hilly region.
Among these significant variables, total farmland, availability of subsidies and living in a hilly region were significant at the 1% level of significance, which indicated the probability of a high-level association with changes in rice varieties.
However, all variables had a negative sign, which revealed that if a farmer possessed more farmland, received available subsidies and lived in a hilly region, the probability of changes in rice variability was lower. Variables such as main occupation, distance to roads, membership in an organization and knowledge on climate change were statistically significant at the 5% level of significance.
Among these variables, the distance to roads, membership in an organization and knowledge on climate change were positively associated with the dependent variables, which signified that the probability of changes in rice varieties increased per the increase in given variables. However, main occupation had a negative sign, which indicated that the probability for changing rice variability was negative. Apart from this, fertility was statistically significant at the 10% level of significance and possessed a negative sign; this indicated that the probability of change in rice varieties negatively depended upon fertility level. If farmers had fertile land, there were fewer adoptions of adaptation options.
Model 3: Denser Plantation of Rice
In Model 3, seven variables were found to significantly affect the denser plantation of rice as an adaptation option for the farmers. Such variables were gender, market information, knowledge of climate change, level of education, received weather information, access to roads and living in a hilly region. Hilly regions showed statistical significance at the 1% level of significance and possessed a negative sign, which implied that the probability of planting denser rice was less in hilly regions compared to the Terai region. Similarly, gender, market information and climate change knowledge showed statistically significant at the 5% level of significance and had a positive sign. This implies that the probability for the denser plantation of rice increased for male gender, possession of market information and receipt of climate change knowledge. Additionally, the level of education, received weather information and access to road distance were statistically significant at the 10% level of significance. Here, received weather information and access to road distance had positive signs, indicating that the probability of increasing the denser plantation of rice increased based on information and road access, but the level of education showed a negative sign, indicating that such an adaptation practice decreased when it had a significantly negative sign. The major reason might be that education provides various other techniques and adaptation options to rice farmers other than denser planting. 
Model 4: Use of Short Duration Rice Varieties
In Model 4, ten variables were found to significantly affect the use of short duration rice varieties as an adaptation option for farmers. Such variables were age, irrigation, off-farm activities, access to roads, membership in an organization, availability of subsidies, total farmland, fertility and farmers who lived in hilly regions. Variables such as age, irrigation, off-farm activities, farm experience, access to roads, membership in an organization, availability of subsidies and farmers who lived in hilly regions were statistically significant at the 1% level of significance. Some variables, such as irrigation, off-farm activities, farm experience and farmers who lived in hilly regions, were negatively associated with the dependent variables, meaning that the probability of using short duration of varieties was lower with the increase in the use of mentioned variables. However, some variables, such as age, road-distance, membership in an organization and availability of subsidies had a positive sign, indicating that the probability of use for short duration rice varieties increased with the increase in age per year, distance to road access, membership in an organization and availability of subsidies. Similarly, total farmland and fertility were negatively associated with the use short duration of rice varieties at the 5% and 10% level of significance, respectively. This signified that as total farmland and fertility increased, the probability of use of short duration rice varieties decreased, and vice versa.
Model 5: Rice Crop Switching
In Model 5, seven variables were found to significantly affect rice crop switching as an adaptation option for farmers. Such variables were credit, market information, member of an organization, irrigation, training, household head and fertility. In this model, explanatory variables such as access to credit, market information and member of organizations were statistically significant at the 1% level and had a positive sign. This indicated that the probability of rice crop switching increased with an increase in access to credit, market information and organization memberships. Similarly, irrigation and training were statistically significant at the 5% level of significance and both had negative signs. This indicated that the probability of rice crop switching decreased if there was a sufficient level of irrigation availability and proper training for rice farmers. Likewise, household head and fertility level were statistically significant at the 10% level of significance. Household head was positively significant with rice crop switching, which meant that if the household head was male, then the probability of crop switching was higher. However, fertility was significant with a negative sign, indicating that the probability of not changing the rice crop was high with more fertile land. Only degraded or unsuitable land for the rice cultivation of land-holding farmers switched their farm practice.
Model 6: Increase in the Use of Fertilizer
In Model 6, six variables were found to significantly affect the increase in the use Two variables (i.e., access to roads and extension services) had positive signs, indicating that the probability of increasing the use of fertilizer increased with road access and agricultural extension services available to farmers. However, the hilly region showed a negative sign, indicating that the probability of using fertilizer by hilly farmers was less compared to farmers from Terai. Similarly, irrigation and fertility were significant statistically at the 5% level of significance and had negative signs, which indicated that with the availability of irrigation and fertility of soil, the probability of the increasing use of fertilizer decreased.
Studies argued that proper irrigation and proper fertile land required less fertilizer compared to others. Likewise, total farmland was statistically significant at the 10% level of significance and had a negative sign, which indicated that farmers with more farmland had a lower probability of using more fertilizer.
Model 7: Use of Vitamins
In Model 7, six variables were found to significantly affect the use of vitamins as an adaptation option for farmers. Such variables were the availability of credit, access to the market center, access to roads, extension services, whether the people were native and whether the people lived in a hilly region. Among the significant variables, availability of credit, access to the market center and living in hilly regions were statistically significant at the 1% level of significance. Here, credit and access to the market center had positive signs, which indicated that the probability of using vitamins increased with the availability of credit to farmers, as well as market access. However, farmers living in a hilly region had a negative sign, which showed that the probability of using vitamins by farmers was less compared to famers living in Terai. Variables such as road access and extension services had statistical significance at the 5% level of significance.
Here, distance to roads showed a positive relationship between the use of vitamins, while extension services were negatively significant. This signifies that the probability of using vitamins increased with access to roads, whereas extension services helping farmers by providing timely information and methods for coping reduced the use of vitamins. However, native people had statistical significance at the 10% level of significance and a negative sign, meaning that the probability of using vitamins increased among migrated farmers. This may be the reason why there was less experience on new farmland.
Model 8: Changing Land Size
In Model 8, five variables were found to significantly affect changing land size as an adaptation option for farmers. Such variables were received weather information, market information, availability of subsidies, access to the market center and people who lived in hilly region. Availability of subsidies had statistical significance at the 1% level of significance and a positive sign, which indicated that the probability of changing land size increased with the availability of subsidies.
Variables such as received weather information and market information were statistically significant at the 1% level of significance and had a positive sign.
This implied that the probability of changing land size increased with weather information received and proper market information. Similarly, the market center and people who lived in hilly regions were statistically significant at the 10% level of significance and had a positive sign. This indicated that the probability of changing land size increased with the increase in access to the market center and people who lived in the hilly region.
Model 9: Off-Farm Activities
In Model 9, five variables were found to significantly affect off-farm activities as an adaptation option for farmers. Such variables were main occupation, household size, farm experience, off-farm activities and people who lived in a hilly region. Variables such as farm experience, people who lived in a hilly region and off-farm activities were statistically significant at the 1% level of significance.
Off-farm activities and farm experience had a positive sign, which indicated that the probability of having off-farm activities decreased with the farmers' involvement in off-farm activities and farm experience. However, people who lived in a hilly region showed a positive sign with off-farm activities, which signified that the probability of having off-farm activities was high for a farm household containing people who lived in a hilly region. Similarly, variables such as main occupation and household size were significant at the 5% level of significance.
Main occupation had a negative sign, which indicated that the farmers were less likely to work on off-farm activities. On the other hand, household size had a positive sign, which indicated that the probability of having off-farm activities increased with the size of the household. If the household had a large family, they were likely to have members involved with off-farm activities compared to households with less family members.
Model 10: Change in Nursery Data
In Model 10, four variables were found to significantly affect the change in nursery date as an adaptation option for farmers. Such variables were gender, market center, irrigation facilities and availability of subsidies. Two variables (i.e., irrigation facilities and availability of subsidies) were statistically significant at the 1% level of significance. Here, irrigation facilities had negative significance, which indicated that the probability of change in nursery date reduced with the availability of irrigation facilities. However, the availability of subsidies had a positive sign, indicating that the probability of change in nursery date increased with the availability of subsidies. Likewise, variables such as gender and access market centers were statistically significant at the 5% level of significance and 
Model 11: Change in Planting Date
In Model 11, seven variables were found to significantly affect the change in planting date as an adaptation option for farmers. Such variables were household size, fertility, access to market center, irrigation facilities, access of subsidies, credit availability and extension services. Variables such as irrigation facilities, access to market center and subsidies were statistically significant at the 1% level of significance. Irrigation facilities had a negative sign, which indicated that the probability of change in planting date decreased with the availability of irrigation facilities. However, access to the market center and the availability of subsidies had a positive sign, which indicated that the probability of a change in planting date increased with access to the market center and the availability of subsidies.
Similarly, credit availability was statistically significant at the 5% level of significance. It had a negative sign, which indicated that the probability of a change in planting date decreased with credit availability. In regard to credit, farmers were less fearful of cultivating their farms from climatic anomalies. This helps them farm on time. Household size, extension services and fertility were statistically significant at the 10% level of significance. Household size showed a negative sign, which indicated that the probability of a change in planting date decreased with the increase in household size, and vice versa. Unlike household size, fertility and extension services had a positive sign, which signified that probability of a change in planting date increased with the fertility of land and the availability of extension services.
Model 12: Use of Alternative Irrigation
In Model 12, nine variables were found to significantly affect alternative irrigation as an adaptation option for farmers. Such variables were main occupation, irrigation facilities, training, access to the market center, credit availability, market information, access to roads, and whether the people were native and lived in a hilly region. Explanatory variables, such as irrigation facility, credit availability and people who lived in a hilly region were statistically significant at 1% level of significance, but irrigation and hilly regions had negative sign, while credit facilities had a positive sign. This indicated that the probability of using alternative irrigation was lower for farmers who already had irrigation facilities and lived in hilly regions. However, credit showed a positive sign, indicating that the probability of using alternate irrigation increased with the increase in credit facilities for farmers. Similarly, market information, native people, access to roads, training and access to the market center were statistically significant at the 5% level of significance. Market information showed a positive sign, which indicated that the probability of using alternative irrigation increased with proper market information given to the farmers. Apart from this, native people, road distance, training and access to the market center had negative signs, indicating that the probability of using alternative irrigation decreased among native farmers compared to migrated farmers, as well as farmers who received proper training and had access to roads and market information. Likewise, the main occupation was statistically significant at the 10% level of significance and showed a positive sign, which indicated that the probability of using alternative irrigation remained high for farmers whose main occupation was solely farming compared to people who had several occupations.
Conclusion
This Standard errors are in parentheses. ***p < 0.01, **p < 0.05, *p < 0.
